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Abstract  :  The  syntheses  of  aacrocycles  containing  two  diphenyl- 
stanna  aoiotias,  cvclo-[Ph-Sn(CH. )  -3,  (1,  n  ■  4,  5,  6,  8,  10,  12),  and 
four  diphony lstanna  aoieties,  £i£jj£-tPh„Sn(CH, )  -3.  (2,  saae  n) ,  aro 
roportod.  ot,»-b ii (Br oaoaagno* i o ) a Ikanes  reacted  with  Ph^SnCl  to  give 
Oi,M>bi> ( t r iphany Is tanny  1  )alkano*  which  upon  troataont  with  HBc  gave  <*,<*>- 
bisfbroaodiphenyls tannyl )alkano>  ii) .  Coapounds  i^  reactod  with  the 
corresponding  chain  length  «l,A)-bis(broaoaagnesi0)alkanes  to  give  1  and  2. 
Alternatively,  good  yields  of  (n  ■  4,  5,  6,  B)  were  obtained  by  con¬ 
verting  4  to  dilithiaa  reagents  (7)  which  were  allowed  to  react  with  a,o>- 
dibr oaoalkanes .  Good  yields  of  (n  *  4,  S,  4)  were  obtained  by  first 
treating  JMvith  CliCH^^NgBr  to  give  dichlorides  which  were  then  allowed 
to  react  with  7  in  a  second  step.  Purifications  of  the  aacrocycles  and 
several  synthetic  interaediates  were  effected  by  preparative  reverse 
phase  chroaatography .  The  aacrocyclic  products  were  characterised  by  NMR 
spectroscopy,  aolecular  weight  deterainat ions  and  eleaental  analyses. 


Macrocyclic  and  macrobicyclic  compound*  containing  the  basic  atoms 
osygen,  nitrogen  and  sulfur  have  batn  widely  siploitsd  in  cation  coordin¬ 
ation  chemistry  daring  tho  past  docads.  In  various  applications  includ¬ 
ing  solubi isat ion  of  salts  in  organic  madia,  chromatographic  separations 
and  catalysis,  tha  dominant  features  of  this  chamistry  are  the  sisa  of 
the  cavities  formed  by  the  basic  atoms  of  the  host  compounds  and  the  fit 
of  cationic  guests  within  these  cavities.  Little  work  has  been  reported 
concerning  macrocycles  containing  Lewis  acidic  atoms  which  might  show 
selective  completing  behavior  as  anion  coordination  agents  or  in  binding 
to  neutral  donor  compounds  even  though  such  compounds  should  also  enjoy  a 
rich  chemistry.  In  accord  with  this  espectation,  polyammonium  macro¬ 
cycles  have  recently  bean  shown  to  eahibit  selective  behavior  in  binding 
to  anions  and  basic  donors.2  The  use  of  protonated  or  alkylated  amine- 
containing  macrocycles  or  macrobicyeles  as  anion  coordinating  agents, 
however,  may  show  limitations  with  the  range  of  solvonts  which  can  be 
employed. 

Vo  roasonod  that  macrocyclic  compounds  containing  tin  atoms  as  Lewis 

acidic  sites  could  function  as  anion  or  basic  nsutral  coordinating 

species  and  show  good  solubility  in  organic  solvents.  Compleiation  of 

tin-containing  compounds  which  contain  electron-withdrawing  groups  on  the 

tin  atoms  with  basic  donors  has  been  widely  observed,  and  organo- 

3 

stannate(IV)  completes  are  known.  Recently,  Kuivila’s  and  Cielen's 
groups  havo  reported  compleies  of  donors  with  compounds  containing  two 
Lewis  acidic  tin  atoms. Since  limited  esamples  of  organometal 1 ic 
compounds  containing  more  than  one  tin  atom  have  been  reported,  we  have 
established  general  procedures  for  the  synthesis  of  a  wido  range  of 


macrocycles  containing  tin  atoms.  In  this  paper  we  describe  three 


-  A  .  -  .  v 
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related  procedures  for  the  syntheses  of  syaaetrical  aaerocycles  contain¬ 
ing  two  d i phony  1 ■ t anny 1  aoieties  (1,  ring  tiro  10  to  2i>  or  four 

4,7 

diphony Istannyl  aoieties  (2.  ring  sift  20  to  32).  Oar  synthetic  and 

purification  proetduros  have  pernittod  tht  isolation  of  tin-containing 
aaerocycles  in  graa  batches. 

Results  and  Discussion 

Schsao  I  shows  ths  pathways  which  ws  hart  employed  for  the  synthesis 

of  tin-containing  aacrocycles  1  and  2.  The  starting  aaterials  for  each 

route  are  the  ot,u*-bis(  tripheny  Istannyl  )alkanes  (3)  obtained  froa  the 

reaction  of  an  af,u)-bis(broaoaagnesio)alkane  with  Fh  SnCl .  For  carbon 

chain  lengths  ranging  froa  i  to  12,  the  isolated  yields  of  coapounds  3 

were  00  to  00%.  Compound  3a  had  been  prepared  previously  in  low  yield  by 

a  siailai  route.11  The  synthesis  of  1 , 3-bis(aetal lo)propanes  via  the 

diCrlgnard  route  requires  a  circuitous  preparation  of  1 , 3-bis(broaomag- 
12 

nesio)propane  which  we  chose  not  to  eaploy,  however,  1 ,3-bis( triphenyl- 

3 

stannyl Ipropane  has  been  prepared,  and  !,3-bis(tr iaethylstanny I ) propane 
is  available  froa  the  reaction  of  tr iaethylstanny 1 1 i thiua  wi th  1,3- 
dibroaopropane . 13 


(INSERT  SCHEME  1) 

The  conversion  of  the  o(,W-bis( tr iphenylstannyl >alkanes  to  their 
corresponding  o(,w-bis(broaodiphenylstannyl laikanes  (4J  proved  to  be  aore 
difficult  than  we  had  eipected.  Bromine  in  CCl^  or  pyridine  or  phenyl- 
tr iaethy Iaaaoniua  perbroaide  reacted  with  coapound  3a  to  give  aistures  of 
products  which  were  difficult  to  purify.  NMR  speetroscopic  studies  of 
these  aistures  suggested  that  a  second  phenyl  group  was  cleaved  froa  tin 
alaost  as  readily  as  the  first  leading  to  aono-,  di-  and  tr i-broainat ion 


4 


of  «  However,  whan  compounds  j3^  were  treated  with  2.1  equivalents 

of  HBr  in  CH^Cl^  at  -78  °C  and  the  resulting  mixtures  were  allowed  to 
warm  to  room  temperature  slowly,  we  obtained  good  yields  of  the  desired 
dibtomides  4.  Most  of  these  products  were  oils  which  were  purified  by 
reverse  phase  chromatography  as  described  below. 

There  are  alternative  methods  for  the  functionalisation  of  compounds 
^  Zimmer  has  reported  the  conversion  of  3a  to  1 , 4-bis( iododiphenyl- 
stannyl Ibutane , 14  and  0(,«*-bis<chlorodiphenylstannyl )-propane  and  -butane 
have  been  reported  5 

Our  ability  to  obtain  compounds  4  in  good  yield  permitted  the  syn- 
thesis  of  tin-containing  macrocycles  by  the  various  routes  shown  in 
Scheme  1.  In  the  first  procedure,  Method  A,  an  &,c<J-bis(bromomagnesio)- 
alkane  <4>  was  prepared  in  tetrahydrof uran  (THF > .  After  titration  of  an 
aliquot,  the  solution  of  the  diCrlgnard  reagent  was  diluted  to  0.02-0.03 
ft>  and  the  resulting  solution  was  added  over  2  h  to  a  ca.  0.03  H  THF 
solution  of  the  corresponding  chain  length  bis (bromodiphenylstannyl >- 
alkane.  With  these  reasonably  dilute  solutions,  the  macrocycl i sat  ions  to 
give  1  and  2  were  possible. 

•V  -V 

Macrocycles  1  and  3  were  isolated  from  the  crude  product  mixtures  by 

•V 

preparative  reverse  phase  chromatography.  Although  analytical  HPLC  could 
be  effected  with  methanol  or  ethanol /water  elution,  mixtures  of  THF  in 
acetonitrile  were  used  in  the  preparative  LC  in  order  to  permit  dissolu¬ 
tion  of  the  product  mixtures  in  0.2-0. 3  gram  batches.  In  all  cases  the 
bis(diphenylstanna>cycloalkanes  < 1 )  eluted  before  their  tetrakis- 
(diphenylstanna)  analogues  it)  of  twice  the  molecular  weight;  typically 
the  «c  value  for  separation  of  1  and  2  was  about  3,  and  resolution  of 

Vv  —i_ 

these  products  was  not  difficult.  Other  low  yield  produets,  presumably 
open-chain  species  with  molecular  weights  similar  to  1  and  2,  eluted  with 


retention  times  similar  to  tha  deairad  cyclic  products.  Most  of  tha 
macrocyelic  products  wars  raadily  recrystal  I ixed  aftar  chromatographic 
purification. 

Mathod  A  is  a  “shotgun"  procadure  which  gives  risa  to  aacrocyclas  1 
in  a  two-componant  cyclisation  and  aacrocyclas  2  in  a  f our-coaponant 
cyclisation.  Polymerisation  of  tha  growing  chains  coapatas  with  cyclisa¬ 
tion,  and  high  weight  compounds  appear  to  be  the  major  by-products  in  the 
product  aiituras.  Tha  cyclisations  giving  rise  to  the  smaller  rings  la 
and  15,  apparently  suffer  soaa  staric  strain  and  the  yields  of  the  these 
compounds  ara  slightly  lower  than  those  of  the  larger  ring  compounds  lc- 
t f  (Figure  1,  Table  1)  even  though  the  effective  molarity  of  one  chain 
end  for  the  other  end  of  tha  chain  could  be  relatively  high.  At  carbon 
chain  lengths  of  i  atoms  or  more  the  yield  of  tha  bis(diphenylstannyl >- 
cycloalkanes  J^are  relatively  constant.  The  yields  of  the  tetrakis- 
(diphanylstanna)cycloalkanas  12),  however,  dropped  off  rapidly  whan  tha 
linking  chain  reached  a  length  of  4  carbon  atoms  (Figure  1).  In  these 
cases  tha  penultimate  intermediate  before  cyclisation  to  2  was  a  long 
acycla  021  atoms),  and  the  effective  molarity  for  the  chain  ends  appar¬ 
ently  had  fallen  below  the  actual  molarity  of  the  reagents.  This  behsv- 

1 7 

ior  is  in  accord  with  that  seen  in  other  macrocycl isat ion  reactions. 

(INSERT  TABLE  1) 

( INSERT  FIGURE  1 > 

Hacrocycles  were  also  formed  (in  another  "shotgun"  reaction)  when 
the  Qi,<a»-bls(bromodiphenylstannyl  )alkanes  were  first  converted  to  their 
corresponding  dilithium  reagents  (7)  in  a  reaction  with  lithium  metal, 
and  then  dilute  THF  solutions  of  reagents  7  were  added  to  dilute  THF 


solution!  oi  ot,«)-dibromoalkanes  S  (Method  B) .  In  this  method,  the  role 
o(  the  nucleophile  end  the  electrophile  in  the  coupling  reaction  have 
been  reversed.  The  concentrations  of  the  reagents,  addition  tines  and 
reaction  temperatures  were  comparable  to  those  used  in  Method  A  and  the 
nucleophilic  reagents  were  again  added  to  the  electrophilic  species, 
however,  the  yields  of  macrocyclic  products  were  substantially  different 
than  those  obtained  in  Method  A  (Table  1).  Specifically,  we  found  that 
the  bis(dipheny lstanna)cycloalkanes  la-d  were  formed  in  good  yields,  but 
only  traces  (<2%)  of  the  corresponding  tetrakis(diphenylstanna)  analogues 
were  produced. 

The  dramatic  changes  in  yields  of  1  and  2  produced  in  Method  B 

relative  to  those  in  Method  A  cannot  be  attributed  to  the  efficiency  of 

formation  of  the  nucleophilic  reagents.  In  fact,  the  nucleophilic 

species  were  formed  in  lower  yields  in  Method  B;  typically  the  total  base 

was  90%  in  the  preparation  of  reagents  8  and  only  7S%  in  the  preparation 

of  reagents  7.  The  high  yields  of  1  in  Method  B  are  consistent  with 

relatively  slow  reactions  of  the  bls(st anny 1 1 l thium)  compounds  7  with  the 

of.ui-dibromides  since  higher  yields  of  1  would  be  espected  if  bulk  mising 

competes  with  the  coupling  reaction.  However,  our  lack  of  knowledge 

concerning  the  structure,  aggregation  or  reactivity  of  species  7  makes 

18 

further  speculation  fruitless. 

Methods  A  and  B  can  be  seen  to  be  of  limited  utility  in  the  synthe¬ 
sis  of  the  larger  tetrakis(dipheny Istannaicycloalkanes  2.  Thus,  we 
developed  a  procedure  in  which  compounds  2  are  produced  in  a  two-  rather 
than  a  four-component  macrocycl  isat  ion  (Method  C>.  Treatment  of  the  <«/*•- 
bis (bromod i phony  Is t anny 1 > al kanes  8a-c  with  an  escess  of  an  oc-(bromo- 
magnesio)-ol-chloroalkane  (formed  in  the  reaction  of  an  ol-br omo-u>-chl oro- 
alkane  with  only  one  gram-atom  equivalent  of  magnesium)  afforded  the  open 


; a  •  i n  or.to-iicnioro  compounds  li-c  it  colorless  oils  which  were  purified 
by  reverse  phase  chromatography.  Subsequently,  the  b i s < d i pheny 1 s t anny  I  - 
lithium.'  reagents  at  high  dilution  were  added  to  dilute  solutions  of 
di chi  or  ides  JB.  Aftet  reverse  phase  chromatography  and  recrystallization, 
the  isolated  yields  of  tetrakis(diphenylstanna)  macrocycles  Za-c  obtained 

•V"  ev 

by  this  procedure  were  about  35%  (Table  t).  The  33%  isolated  yield  of  2c 
obtained  by  Method  C  is  an  order  of  magnitude  higher  than  the  yield  of  2e 


obtained  from  Method  A 

Macrocycies  1  and  2  were  characterized  by  NMR  spectroscopy  and 


csmoaetric  molecular  weight  determinations.  Acceptable  elemental  analyses 

1. 


for  all  of  the  macrocycies  were  obtained.  H  NMR  spectra  of  the  isolated 
products  clearly  indicated  tne  gross  structure  of  the  macrocycies,  the 


molecular  weight  measurements  permitted  the  complete  structure  assignment. 


13. 


Because  of  the  symmetry  of  the  macrocycies,  quite  simple  C  NMR  spectra 
20 


were  obtained.*'  The  purities  ot  the  products  were  apparent  from  HPLC  as 
well  as  from  the  sharp  melting  points,  where  applicable,  and  elemental 
analyses . 

Elemental  analyses  were  also  obtained  for  the  ot,l*>-bi  s  ( t  r  i  pheny  Is  t  anny  I  >- 
alkanes  <jj>  .  Despite  the  fact  that  we  purified  the  «,«i/-bis(bromodiphenyI- 
stinny  l  lalkanes  4  >  and  compounds  8,  we  considered  these  species  to  be  reactive 

e>V 

intermediates  and  did  not  attempt  to  store  them  for  eztended  periods  nor  did  we 
attempt  to  obtain  elemental  analyses  or  molecular  weights  of  these  compounds 
which,  with  the  exception  of  4a,  were  oils  The  identities  of  compounds  4  and 
C^are  established  by  their  NMR  spectra  and  the  successful  synthesis  of  the 
fully  characterized  macrocycies  from  these  intermediates 

The  use  of  preparativo  reverse  phase  chromatography  for  the  isola¬ 


tion  of  macrocycl 


r 


comment .  Even  though  most  of  the  macro- 


cyclic  compound*  we  prepared  were  crystalline,  no  products  of  the  macro- 
cyciisation  reactions  were  obtained  pure  with'-it  chromatography.  The 
preparative  phase  we  used  was  highly  reproducible,  retention  times  in 
preparative  chi oma t ogi aphy  were  easily  predicted  by  inspection  of  the 
analytical  HPLC  chromatogram,  and  eicellent  peak  shapes  were  maintained 
at  loading  ratios  as  high  as  1  gram  of  crude  reaction  mixture  on  300 
grams  of  support.  Further,  the  high  initial  costs  of  the  preparative 
phase  were  offset  by  the  fact  that  after  ca  SO  preparative  runs  we  saw 
no  change  in  the  capacity  or  retention  characteristics  of  our  preparative 
columns 

Ve  have  briefly  studied  some  reactions  of  macrocycles  and  models  in 
order  to  determine  what  reagents  would  be  appropriate  for  both  the  syn¬ 
thesis  and  subsequent  t unc t i ona 1 i t a t i on  of  these  compounds  Triphenyl- 

butyltin  was  found  to  react  rapidly  with  an  excess  of  n-BuLi  in  THF  even 
o 

at  -78  C.  Thus  the  reaction  of  an  em,ta)-d  i  1  i  t  hi  oa  1  kane  with  a  bistbromo- 
dipheny lstanny 1 ialkane  would  not  be  expected  to  give  maciocycles  in  good 
yield,  especially  if  the  dibromo  compound  was  added  to  the  dilithio- 
alkane,  but  macrocycles  containing  less  reactive  alkyl  groups  on  the  tin 
may  survive  such  reaction  conditions  Vhen  macrocycles  and  2a  were 
treated  with  2.1  and  4.2  equivalents  of  HBr  in  CH.Cl,  respectively,  in  a 

L  i 

procedure  similar  to  the  bromination  of  acycles  3,  lH  NMH  spectra  of  the 
crude  reaction  products  indicated  good  conversion  to  derivatives  contain¬ 
ing  < br omopheny 1 s t anna )  moieties  with  no  evidence  of  ring  cleavage.  This 
functionalization  of  the  macrocycles  is  a  critical  step  required  to 
impart  Lewis  acid  character  to  the  tin  atoms  in  order  to  permit  their 
application  as  anion  or  neutral  donor  coordinating  hosts  The  details  of 
these  continuing  studies  will  be  reported  in  due  course. 

The  procedures  described  above  afford  the  b i s ( d i pheny I s t anna ) -  (1) 

? 


and  t at  tikis ( dipheny lstanna ) cycloalkanes  (2)  in  fair  to  good  yields. 

2  1 

rtacracycles  with  ring  sites  iron  10  to  52  atoms  have  been  prepared  I 

may  be  expected  that  higher  yields  of  the  macrocycles  could  be  obtained 
if  an  apparatus  which  delivered  dilute  solutions  of  both  reactive  precur 
sors  to  a  reaction  vessel  weie  employed,  but  by  the  methods  described 
herein  we  have  isolated  up  to  gram  quantities  of  several  of  the  desired 


macrocycles 


ii  jp  i  t  men  t  a  1  section 

Gene  r  o  1  .  All  reaction*  or  or gano 1 i t h i urn  and  Crignard  reagents  were  run 

in  a  nitrogen  at  lac  sphere;  transfers  were  made  by  syringe  or  cannula. 

Commercial  organic  helrdes  (Aldrich)  were  distilled  before  use  Triphenyl- 

tin  chloride  (Alfa)  was  used  without  further  purification.  Te t r ahy d r o f ur an 

(THF)  was  distilled  from  potass ium-bentophenone  immediately  before  use 

"brine”  refers  to  a  saturated  aqueous  sodium  chloride  solution.  Yields  of 

organoiithium  reagents  and  Gri guard  reagents  used  in  the  syntheses  were 

determined  by  titration  of  a  one  mL  aliquot  of  these  solutions  for  active 

l % 

base  before  addrtion  of  these  solutions  to  the  appropriate  electrophile 
The  endpoints  were  readily  apparent  in  the  titrations  of  the  Crignard  rea¬ 
gents  However,  because  of  the  color  of  the  s t anny I  I i t h i urn  reagents,  end¬ 
points  in  these  titrations  were  difficult  to  observe,  and  the  total  yield  of 
nucleophilic  reagents  found  in  Methods  B  and  C  below  must  be  considered  to 
be  approsimate. 

*H  NMR  spectra  of  CDC13  solutions  were  recorded  on  a  Varian  EM  390 
1 3 

spectrometer,  and  C  NMR  spectra  of  CDClj  solutions  were  recorded  on  a  JEOL 
PFT-100  spectrometer;  chemical  shifts  are  reported  in  ppm  downfield  from 
internal  Me^Si .  lit  spectra  were  recorded  on  a  Sa r gen t -We  1 ch  3-300  IR 
spectrophotometer  Moieculai  weights  were  measured  on  CHCIj  solutions  using 
a  Hewlett-Packard  model  30Z  B  vapor  pressure  osmometer;  periodic  molecular 
weight  measurements  oi  standard  solutions  of  benril  showed  <3%  error.  In 
most  of  the  molecular  weight  determinations,  the  concentration  of  only  one 
solution  of  the  substrate  was  determined  HPEC  analyses  were  performed  on 
23  cm  columns  containing  Spherisorb  ODS-IO,  and  preparative  1C  separations 
were  accomplished  on  reverse  phase  C-18  bonded  to  silica  gel  HO supplied 
by  J  T  Baker,  Co.;  UV  detection  at  254  nm  was  used  in  both  cases  The 
preparative  1C  system  was  composed  of  a  low  pressure  solvent  pump,  a 


standard  fix-way  plastic  valve  tor  injection,  commerical  glass  columns 


(Act),  and  an  iSCO  detector  Analyses  were  performed  at  Texas  ASM  Univer¬ 
sity  or  at  Galbraith  Laboi ator ias ,  Inc.,  Knoxville,  Tennessee. 

<2,). 

Preoarat  ion  o(  ot,w-bis(triohanvlft  annv  1)  a  1  leant  s  fi  To  a  suspension  of  10 

equiv  of  Mg  and  a  small  crystal  of  I  in  THF  was  added  a  solution  of  ef,w- 

d i br omoa 1 kane  in  THF  (0.3-0. 4  M)  over  1.5  —  2  h  at  25  °C  with  stirring.  After 

5-8  h.  a  one  ml  aliquot  was  titrated  for  active  base;  yields  from  the 

2  4 

dibromide  were  7  5  -  9  0%.  The  of,W~b l s ( b r omomagnes i o > a  1 kane  solution  was 
separated  from  excess  Mg  by  cannula  transfer  and  added  to  a  solution  of  2 
equiv  of  Fh  SnCl  in  THF  <1.0—1 .5  M)  over  2  h  at  0  °C .  The  reaction  mixture 

O 

O 

was  allowed  to  warm  to  25  C,  and  the  reaction  mixture  was  stirred  for  8-10 
h  and  then  heated  at  reflux  for  2  h.  The  reaction  was  quenched  by  the 
addition  of  50-70  ml  of  satd  aq  NH  Cl  solution  at  0  °C.  The  organic  layer 
was  separated,  and  the  aqueous  layer  was  extracted  with  ether  (3  x  50  mL> . 
The  combined  organic  solutions  were  washed  with  a  satd  aq  KF  solution  (SO 
ml)  and  brine,  and  dried  over  anhydrous  MgSO^ .  The  solvent  was  removed  in 
vacuo .  and  the  residue  was  purified  by  recrystallisation  or  column  chroma¬ 
tography.  The  reactions  were  run  on  a  scale  to  give  a  30-40  g  isolated 
yield  cf  compounds  3 

1 . 4-bis(Tr i nhen7 l s t annv 1 ) butane  ( 3a ) .  purified  by  recrystallisation 
from  a  mixture  of  CH^Cl^  and  ho.xane  (1:2,  v:v),  was  obtained  in  78%  yield: 
mp  1  48  5-1  49  °C  (lit  U  mp  149-1  50  .5  °C>  IR  (Nujol):  1  0  7  0  cm'1  *H  NMR : 

1  30-1.60  (4  H,  m),  1.65-1  90  <1  H,  a),  7  10-7.53  (30  H,  m)  13C  NMR: 

138  9,  137  0,  128.7,  128  4,  31.3,  10. 6.  MW:  734  (caicd  for  c40H3gSn2-  755  ). 
Anal.  Caicd  for  c40H3BSn2  C,  43.51;  H,  5.07.  Found:  C,  63.59;  H,  5  22. 

IjLldbJLlill  innanvlf  tannvl )  cent  ana  <3b>  purified  by  recrystallisation 
from  hexane  or  a  mixture  of  CH.Cl,  and  hexane  (13,  v:v),  was  obtained  in 


30%  yield:  ap  72-73  C.  IR  (Nujol)  1072  cm  .  H  NMR:  120-183  (!0  H, 
a),  7.13-7  50  (30  H,  a)  MV:  743  (calcd  for  C ,, H.-Sn, .  76?)  Anal  Calcd 

for  C,.H.-Sn,  C.  6  3  9  4;  H.  5  2  4.  Found:  C.  GTSS* ;  H, 

1  .6-bisCi'riohenvlstannvl  ) hexane  (3c),  purified  by  r  ee  r  ys  t  a  1 1  i  *  a  t  i  on 
froa  hexane,  was  obtained  in  68%  yield.  ap  84-85  °C  IR  (Nujol):  1070  ca 
'  XK  NMR:  1.2-1.83  (12  H,  a),  7.20-7.83  (30H,  a).  MV:  770  (calcd  for 

C42H423n’'  782>  Anal.  Calcd  for  c42H42Sn2:  C'  44  33;  H'  5  40  Found: 

C,  64  43;  H,  352. 

: , 8-b is (Tt iehenvlstannvl ) oc  t  ane  (3d),  purified  by  recrystallisation 

froa  a  mixture  of  hexane-ether  12:1,  v  v ) ,  was  obtained  in  70%  yield  ap 

i0l-;04  SC  1R  (Nujol):  1070  ca"1  lH  NMR:  1.00-1  80  (16  H,  a),  7.13- 

7  67  (  30  H,  a)  MV  808  (calcd  for  C.-H^Sh,,  811)  Anal  Calcd  for 

44  46  2 

C . .H . . Sn, :  C,  63  06;  H,  5.71  Found:  C,  6  5.  1 9 ;  H,  5  81 
4  4  46  2 

1. lO-bi«(Tr iphanvlstannvl )dccane  <  3ej  ,  purified  by  recrystal  1 ixat ion 

froa  hexane,  was  obtained  in  76%  yield:  ap  45-46  °C  IR  (Nujol):  1074  ca" 

NMR.  1  .00-1 .90  (20  H,  ml,  7.10-7.63  (30  H,  a) .  836  (calcd  for 

C-.H.-Sn,,  83?)  Anal.  Calcd  for  C^.H.-Sn C,  65  75,  H,  6.00.  Found: 
46502  4650Z 

C,  65.88;  H,  608 

1 .  :2-bis(fr  iohanvlstannv  Ddodecane  (jJJH  ,  purified  by  coluan  chroma¬ 
tography  on  silica  gel  with  hexane  elution,  was  obtained  in  70%  yield:  ap 
4i -43  WC  or  ail  l«  (Nujol)  1070  ca"1  'h  NMR:  1  07-1  88  (24  H,  a), 

7  23-7  63  (30  H,  a)  MV:  365  (calcd  for  C . . H. . Sn, ,  86 7 )  Anal  Calci  for 

4  8  5  4  2 

C48H54Sn->  C'  46  39;  H'  4  27  Found :  C,  66  .57;  H,  6  .1? 

Preparation  of  oi.w- b i s  ( br  oaod i  ohenv I  s  t  annv  I )  a  1  banes  <JH  .  To  a  solution 
of  3  in  CH.CI,  <0.1-0  2  M>  was  slowly  (2  h)  added  a  solution  of  21  tquiv  of 

sts  2  2 

HBr  in  CH.Cl  (0.2-0. 3  N)  at  -78  °C.  The  reaction  mixture  was  slowly 
2  2 

0 

allowed  to  warm  to  25  C.  After  8-10  h,  the  solvent  was  removed  jjj.  vacuo  to 


give  a  crude  product  Compounds  4b-f  were  isolated  by  reverse  phase  coluan 


chromatography  by  tlution  with  dry  CH  CN  or  a  miature  of  CH  CM  and 

THF  Compound  U  wu  purified  by  r  ecr  y  *  1 a !  1  i  i  a  t  x  on  Compounds  4  were 


prepared  in  ca .  13  9  batches. 


1-biit Si 


(4a),  purified  by  recrystal !  i rat  i  on 


from  ether,  was  obtained  in  73%  yield:  mp  88-70  °C.  tR  (Nujol):  1070  cm  1 
*K  NMR:  1.71-1.73  (8  H,  m),  7.17-7.67  (20  H,  m> 


1 «.<  8  r  oj 


, ) pen  t one  (4b)  was  obtained  in  35%  yield  as 


an  oil  !H  (neat):  1070  cm  H  NMR :  1.23-2  00  (10  H,  m> ,  7.23-7  63  (20 

H.  a) 

This  reaction  also  gave  1 - ( b r omo d i pheny I s t anny I ) - 5 - ( t r 1 pheny 1  - 
stanny 1 ipentane  as  an  oil  in  5-10%  yield  This  product  eluted  after  4b 
*H  KHR  1.30-1.73  (10  H,  m) ,  7  23-7.70  (25  H,  m) , 


innrl >1 


<40  was  isolated  in  70-82%  yield  as 


an  oil  which  crystallised  on  standing:  mp  66-67  °C  IR  (neat):  1070  cm'1 
lH  NMR :  1.30-1.70  (12  H,  m) ,  7.17-7.63  (20  H,  m> . 

1 ,8-b is (Bromodiohenvlst annvl ) octane  (4d>  was  obtained  in  50-60%  yield 

"V 

as  an  oil.  IR  (neat):  1070  cm"1.  *H  NMR:  1.03-1.87  (16  H.  m) ,  7  20-7.73 


(20  H,  m) 


(4e>  was  obtained  as  an  oil  in  61% 


yield  IR  (neat):  1072  cm"1.  !H  NMR:  1  07-1.87  (20  H,  m) ,  7.27-7  70  (20 


!l,  m>  . 


( 4  f  >  was  obtained  as  an  oil  in 


65-80%  yield  IR  (neat):  1073  cm"1.  'h  NMR  1 . 1 3- 1  73  (  24  H,  m) ,  7.27- 
7.73  (20  H.  m) 


dichlot ides  Bare  represented  by  the  following  prep- 


(|a>  To  a  suspension  of  Mg  (0  3 


12.3  mg-atom>  in  10  mL  of  THF  at 


was  added  5 vtr  40  mm  a  solution  of  l-broao-4-chlorobutane  (M3  g,  11  2 


o 

aaol)  in  30  aL  of  THF .  The  Bisturc  was  stirred  for  30  min  at  2$  C  and  <10 

Bin  at  3  °C .  A  one  aL  aliquot  was  titrated  for  active  base  (found  78%  yield 

based  on  aonoaet a  1 1  a t i on  of  the  dihalide).  The  Grignard  reagent  solution 

was  diluted  with  30  »l  ot  THF  and  transferred  to  a  dry  flask  by  cannula  To 

the  Grignard  reagent  solution  at  0  °C  was  added  over  IS  h  a  solution  of  4a 

(30  g,  37  aaol)  in  SO  aL  of  THF  (0.078  M)  .  The  reaction  misture  was 

o  o 

allowed  to  warn  to  2S  C  After  7  h  at  23  C,  the  reaction  aixture  was 
quenched  with  a  satd  aq  NH^Cl  solution  (SO  aL ) .  The  organic  layer  was 
separated,  and  the  aqueous  layer  was  extracted  with  ether  (2  x  SO  aL)  The 
coabined  organic  layers  were  washed  with  brine  (SO  aL >  ,  dried  (MgSO^),  and 
reduced  jjl  vacuo  to  give  an  oily  product  (3  g>  The  crude  product  was 
purified  by  reverse  phase  chroaatography  with  aethanol  elution  to  give  1.73 
g  (42%)  of  8a  as  an  oil.  IR  (neat):  1070  ca"’ .  lH  NMR  1.03-1  87  (20  H, 
a),  3.44  (4  H,  t.  J  «  7  Hs ) ,  7.13-7.53  (20  H,  a) 

1.17-Dichloro-4.4.11.11-tetraahenTl-4,ll-dtst annaheo t adecane  (^1  was 
prepared  froa  2.3  g  (3  aaol)  of  4b  The  crude  oily  product  was  purified  by 
reverse  phase  chroaatography  with  CH.CN/THF  elution  (4:1,  vv>  to  give  1.38 

J 

g  (36%  yield)  of  as  a  colorless  oil  IR  (neat)  (072  ca  1 .  1 H  NMR: 

i  38-1  73  (24  H,  a),  3.43  ( 4  H ,  t ,  J  *  7  H* ) ,  7  17-7. S3  (20  H,  a) 

1 -20-Oi chi oro-7 ,7, 13, 13- tet r a  phenyl -7 . 1 3 -d i s t annae i cosane  (j£)  was 

prepared  froa  22  g  of  4c  (28  aaol).  The  crude  product  was  purified  by 

reverse  phase  chroaatography  with  CHjCN/THF  elution  (3:1,  v:v)  to  give  1.85 
a*  a»  oil. 

g  of  Ic  (40%  yield)/^  IR  (neat):  1070  ca"  .  H  NMR:  1  07-1.83  (32  H,  a), 

3.43  ( 4K,  t,  J  *  7  Ha),  7.17-7.57  (20  H,  a). 

Syntheses  2±  nolTitanna  aacrocvcles  were  accoaplished  by  three  aethods 
Representative  procedures  are  presented  below  for  each  aethod 
i.  i,4,4-TettaDhanvl-l,4^distannacyc.lod.ecAne  aM 


1 6 1  r  *  i  t  »nmcvcl  oeieosane 
To  i  suspension  of  2  g  of  Mg  (83  ag-atoa / 


1 .  L.  a,  4  ,.ll  ,  1 1  •  14  ■  U-octsphenvl  - 1  ,  4  , 

lai  d  iGr  t ona  rd  method  (Method  Aj_ 

end  a  small  crystal  or  I  in  SO  aL  of  THF  at  25  °C  was  added  over  1  h  a 

* 

solution  of  2.5  g  of  1 , 4-dibromobutane  (11.8  aaol)  in  SO  mL  of  THF  After 

stirring  for  4  h,  a  1  ml  aliquot  was  titrated  for  active  base  (found:  85% 

of  theory).  The  diCrignard  reagent  solution  was  separated  froa  eicess  Mg  by 

cannula  transfer  and  was  diluted  to  200  mL  (0.04?  M)  with  THF,  and  the 

resulting  solution  was  added  over  2.5  h  to  a  solution  of  70  g  of  4a  (9.2 

o 

aaol'  in  300  mL  of  THF  at  0  C.  The  reaction  mixture  was  allowed  to  war a  to 

0  0 

l 2  C  and  was  stirred  for  10  h.  The  mixture  was  cooled  to  0  C,  and 

saturated  aqueous  NH^CI  solution  (100  aL)  was  added  The  organic  layer  was 
separated,  and  the  aqueous  layer  was  estracted  twice  with  ether  (70  mL). 

The  combined  ethereal  solutions  were  washed  with  brine  (2  i  SO  mL) ,  dried 
with  MgSO^,  and  filtered.  The  filtrate  was  reduced  to  give  an  oily  product 
misture  which  was  purified  by  reverse  phase  chromatography  with  CH jCN/THF 
elution  to  give  1  20  g  of  la  and  1 . SS  g  of  2a. 

•Vi' 

Compound  ^la^was  recrystall iaed  from  hesane  to  give  1.03  g  (17.2%)  of 
colorless  prisms  mp  114-114  5  °C  (lit.  mp  94-98  °C>.  IR  (Mujol):  1070 


cm  * 1  1 H 

NMR:  1 

37-1  SO 

(8 

H, 

m),  1.57-2. 

03  (8  H, 

m)  ,  7 

23-7  40 

(20  H, 

a) 

13C  NMR: 

1  40  4  , 

134.5, 

128 

.4, 

2V  .  3,  10  1. 

Anal 

Calcd 

for  c,, 
32 

H34Sn2 

C 

58  41,  H, 

5  48. 

Found 

C, 

58 

73;  H,  542 

MV: 

454  (calcd  for 

C32H34 

Sn2 

45  7  ) 

Compound  2a  was  recrystallized  from  a  mixture  of  hesane/ether  <31, 
v:vi  to  give  1.51  g  <2S.2%>  of  colorless  prisms  mp  107 . 5  —  108  °C.  IR 
<NujoI ) :  1070  cm'1.  lH  NMR :  1  17-1.47  <14  H,  m) ,  t  53-1.87  (14  H,  m) , 

7.17-7 .50  (40  H,  m) .  J3C  NMR:  140  3,  134.7,  128.7,  128  4,  128.2,  31  4, 

10  4.  Anal  Calcd  for  C^H^Sn^:  C,  58  41;  H,  5  48  Found:  C,  58  04,  H, 


were  prepared  by  Method  A  from  Odd  g  (2.8  mmol)  of  l , 5 -dibromo pentane  and 


1.4  9  <  2 . 0  d  mmol)  of  4b.  The  etude  product  was  separated  by  reverse  phase 

•'WV' 

chromatography  with  CHjCN/THF  elution  (3:1,  v:v>  to  give  the  desired 
macrocycles  Lb  and  2b  ■ 

Compound  lb  was  r act y s tal 1 i s ed  from  hesane  to  give  0.24  g  (18. d  % 


yield) 

of  lb 

mp 

100-101 

°C. 

III  (Nujol )  :  10  70  cm"  . 

H  NMR 

l  13-1 

73 

<20  H, 

m>  ,  7 . 

13-7 . 

40  (20 

H,  m) 

Anal  . 

Calcd  for  C..H 
3  4 

40Sn2  C’ 

57  53; 

H, 

5.04. 

Found : 

C, 

5?  27; 

H,  5 

78.  MV : 

644  (calcd  for 

34  40  2 

484  ) 

Compound  2b  was  repeatedly  chromatographed  (reverse  phase)  with 

CK^CN/THF  until  the  sample  was  pure  by  HPLC  to  give  0.3  g  <21.4  %  yield)  of 

o  - 1 

oily, 2b  which  solidified  on  standing:  mp  48-4?  C.  IR  (Nujol):  1070  cm 

lH  NHR:  1.10-1  30  (40  H,  m) ,  7.03-7.40  (40  H,  m) .  Anal.  Calcd  for 

C . «H-.Sn. :  C,  57.53;  H,  5.54.  Found.  C,  57.60,  H,  5.04.  MV.  1344  (calcd 
d 8  80  4 

for  C.-H.-Sn.:  1371) 

a  8  8  0  4 

1. 1 .8,8-TetraphenTl-1.8-distannacvclotetrAdecane  ,<jjj  M. 


♦  ft  ■  ft i, 9 1 LL it,  H,»-ltUjilUnMS2  c  1  ooc  t  acosane  ( 2c ) 
were  prepared  by  Method  A  from  17  g  (7  mmol)  of  1 , d-d ibromoheiane  and  48  g 
id  mmol)  of  4c^  The  crude  product  was  separated  by  reverse  phase  chroma¬ 
tography  with  CH.CN/THF  elution  <3:1,  v:v>  to  give  the  desired  macrocycles 

w 

lc  and  2c 


Compound  le  was  t ecrys t al  1  i aed 


of 

le : 

■P 

118-117  V 

(R 

(Nujol ) 

,3C  NMR. 

m) 

,  7 

21-7. 

58  (20  K,  m) 

7 

77 

Anal 

Calcd  for 

C34H44Sn2 

6 

16 

MV: 

742  (calcd 

for 

C.  . H . . S 

from  hesane  to  give  1.13  g  <24%  yield) 
1073  cm’’  ’h  NMR:  l  20-1  70  <24  H, 
140  .5,  134. 4  ,  128.8,  128  I,  32.4,  25.4 
C,  40.52;  H,  4.21.  Found  C,  40  20; 

714) 


H, 


Compound  2c  was  repeatedly  chromatographed  (reverse  phase)  with 
CK.CN/TKF  elution  until  the  sample  was  pure  by  HPLC.  to  give  0.1?  g  (4% 
yield)  o'  2e  as  an  oil.  IR  (neat):  1070  cm*1.  *H  MMR  1. 10-1.17  (48  H, 


a)  .  7 

20-7 

63  (40  K,  a) 

13C  NMR: 

140 

.4,  136.7,  128  3,  128.2, 

33.7, 

10  5 

Anal 

Calcd  for 

C72H88Sn4 

C, 

60.52;  H,  621.  Found : 

C,  60 

4.17 

MV: 

1395  (calcd 

t01  C72H88 

SV 

1  4  27  )  . 

1  ,  1 .  10  .  lO-TetriBhenvl-l  ,  10  -  distannacvclooctader.ane  (Id)  and 
1  ,  1,  10,  10  ,  19,  1?  t  28  t2_8-oct  aphony  1  -1  ,  10  ,  1  ?  ,  2  8  -  t  e  t  r  as  t  anna  eye  1  oheaa  1 1  i  con  t  ane 
( 2d)  were  prepared  by  Method  A  from  0.73  g  (17  mmol)  of  1 , 8 -d i hr omoec t ane 

-t-fc- 

snd  1.7  g  (2  08  mmol)  of  4d.  The  crude  products  were  purfied  by  reverse 
phase  chromatography  with  CH  CN/THF  elution  (3:2,  v:v). 

Compound  id  was  recr ystal 1 i led  i r om  hetane  (or  CH^CN/THF,  5:1,  v:v)  to 


give  3.4  g  (25%  yield)  of  id:  mp  92-93  °C .  IR  (Nujol):  1  072  cm  1 


i 


H  NMR :  1.18-1.88  (32  H,  a),  7  24-7.41  (20  H,  a)  Anal  Calcd  for 


52Sn2  C* 

42.35;  H,  6.81 

Found : 

C.  62.01;  H.  4.72. 

MW: 

743  (calcd 

C40H52Sn2; 

770)  . 

Coapound  2d  was  repeatedly  chromatographed  (reverse  phase)  with 

--v- 

CH jCM/THF  elation  (3:2,  v:v)  until  the  sample  was  pure  by  HPLC  to  give  0.1  g 

o 

■.4.3%  yield)  of  J^which  crystallised  on  standing:  ap  70-71  C  IR 
(Nujol;:  1070  cm*1.  NMH :  1.10-1.77  (64  H,  a).  7.13-7.50  (40  H,  a> 

Anal  Calcd  for  c80H104Sn4  c-  6  2  3 S ;  H,  6  Si  Found:  C,  62.06;  H,  6  71 
MW:  1494  (calcd  for  caoHl0gSng  1540) 

i ,  l,  12. 12-Tetraphenvl-l ,  12-distann*cjclodoco«ane  HU  iM 


1  .  1. 12. 12.23,2  3. 34. 34 -oc  taohenvl  -1  , 1 2  ^2  3 ,1.4- 1 1 1  ras  t  annac  vc  1  o  t  e  t  r  a  t  e  t  ra- 
contane  (2e)  were  prepared  by  Method  A  from  1.2  g  (4  aaol)  of  1,10-dibroao 
decane  and  2.7  g  (1.1  aaol)  oi  4e.  The  crude  product  was  purified  by 


reverse  phase  chroaatography  with  CH  CN/THF  elution  (It,  v.v)  to  give  the 


desired  aacrocycles . 


Compound  la  was  recrystal 1 iied  iron  hexane  (or  ethanol)  to  give  0.48  g 

(24tv  yield)  of  la:  ap  84-87  6C  IS  (Nujol)  1074  ca  'h  NMR :  1  20- 

l  90  <40  H,  a),  7  23-7.40  (20  H,  a).  Anal  Calcd  for  C.,HzllSn_:  C,  4  3  9  3; 

4  4  4  0  2 

H,  7.32.  Found:  C,  44  OS;  H,  7.27  MV:  848  (calcd  for  Cg4H4(JSn2  8'4) 
Coapound  2a  was  repeatedly  chr oaa t og r aphed  (reverse  phase)  with 

•'"Vt**' 

CHjCN/THF  <1:1,  v:v)  untii  the  sample  was  pure  by  HPLC  to  give  0  18  g  <  7S 


yield) 

of  2e  as  an 

oil. 

IR  (neat  > :  1070  ca"1  ‘h  NMR : 

110-177 

a)  .  7 

17-7.50  <40 

H,  m) 

Anal  . 

Calcd  for  c  g  j  2  QSn  4 

C ,  4393;  H , 

Found : 

C,  43.72; 

H.  7 

28  MV: 

1441  (calcd  for  CggH,20 

Sn.:  1 4  5  2  ) 

4 

1 . 1 , 14, 14-TetraPhenvl-l , 1 4-d i s t annacvc 1  oh or acosane  iJJJ.  ASi 
Ld  ■  1  4. 14.27.2  7.40,40-octaohen?l-l  ,  1 4 , 2  7  i  40-tetrastannar.ycIodopentacQnUne 
(If)  were  prepared  by  Method  A  from  1.7  g  (32  anol)  of  1 , 12-d i br oaododecane 
and  3  g  (3.4  aaol)  of  4f .  The  crude  products  were  purified  by  reverse  phase 
chromatography  with  CH^CN/THF  elution  (1:1,  v:v). 

Compound  If  was  tecrystal 1 iaed  from  haiane  (or  ethanol)  to  give  0  72  g 
(244k  yield)  of  VT.  mp  91  .5-92  °C.  IR  (Nujol):  1073  cm"1.  *H  NMR :  1.15- 
1  87  <48  H,  a),  7.22-7.57  (20  H,  m) .  Anal.  Calcd  for  CggHggSn2:  C.  43.31; 

H,  7.77  Found:  C.  45.44;  H,  7  73.  MV:  913  (calcd  for  C.-H, .Bn 882). 

48  6  8  Z 

Compound  It  wa»  rtptattdly  chroma t ographtd  irivir**  phase)  with 
«>«■* 

CH3CN/YHF  elution  (1:1,  v:v)  until  the  sample  was  pure  by  HPI.C  to  give  0.092 

g  (3%  yield)  of  2f  as  an  oil.  IR  (neat):  1072  ca"1 .  ’ H  NMR  1  07-1  83 

(74  H,  m),  7.20-7.40  (40  H,  a).  Anal.  Calcd  for  C  H  Sn  •  C,  45.31;  H, 

r  4  13  4  4 

7  77  Found  C,  45.38;  H,  7,85  MV:  170?  (calcd  for  C..H, Sn, :  1743). 

74  134  4 

25 

Preparation  2±  ot,n/-b  i  s  ( d  i  ehenv  1 1  i  t  hi  os  t  annv  1 )  a  1  kanes  To  a 

suspension  of  escess  lithium  metal  (8-10  equivalents)  and  crushed  glass  in 
TKF  was  added  a  solution  ot  the  appropriate  4  in  THF  (01-0.2  M)  at  room 
teaperature.  The  aisture  was  heated  under  a  gentle  reflux  for  0  5  h,  and 


then  stirred  at  tool  temperature  f or  an  additional  8  h  to  give  a  dark  green 


solution  of  the  dilithium  reagent  7  A  1  mL  aliquot  of  the  solution  was 

23 

titrated  for  active  base.  but  the  end  point  of  the  titration  was  difficult 

to  determine  due  to  the  color  of  the  stannyl 1 i thium  reagent  solution 

Preparation  £i  Method  B .  A  solution  of  dilithium  reagent 

ll  .38  mmol)  in  THF  (SO  mL,  0.032  M)  was  added  over  1  h  to  a  solution  of  1,4- 

dibromobutane  (Sa)  (1.7  mmol)  in  THF  (100  mL,  0.017  M)  at  0  °C  The 

reaction  misture  was  allowed  to  warm  to  room  temperature  After  stirring 

for  14  h,  the  resulting  misture  was  quenched,  and  the  products  were  worked 

up  by  the  procedure  used  in  Method  A.  Purification  of  the  crude  product  by 

reverse  phase  chromatography  followed  by  r acr y s t al 1 i xa t i on  from  hesane  gave 

0  44  g  (42%  yield)  of  la . 

-w 

dy  similar  procedures  compounds  Ib-ld  were  prepared  by  Method  B.  The 
yields  of  recrystallised  products  are  given  in  Table  1. 

Preparation  of  Jfo  hv  Method  C.  A  solution  of  dilithium  reagent  7a 
<1.88  mmol)  in  THF  (SO  mL ,  0.022M)  was  added  over  2  h  to  a  solution  of 
compound  la  <1.7  mmol)  in  THF  (100  mL,  0.017  M)  at  0  °C .  The  reaction 

— WW 

misture  was  allowed  to  warm  to  room  temperature  and  was  stirred  for  18  h. 

The  resulting  misture  was  quenched  and  worked  up  by  the  procedure  used  in 
Method  A.  Reverse  phase  chromatography  and  recryst al I ixat ion  from 
hesanefether  (31,  v:v)  gave  1  08  g  (43%  yield)  of  mactocycle  Jta^ 

By  similar  procedures,  compounds  2b  and  2c  were  prepared  by  Method  C 
The  yields  of  recrystallised  products  are  given  in  Table  1 
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Ttbl*  1.  Yield*  of  Mecrocyclic  Product!  1  *nd  2. 


Compound 

Ring  Sis# 

Isolited  Yield 
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Method 

A  Method  B 

Method  C 
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